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(57) Abstract 

A vehicle rain sensor system for detecting precipitation on an exterior surface of a window (19) including an illumination sensor (36) 
that is decoupled from the.window. JITie jlluminati<m.sensor_is.preferably.anJmagm 

(42) which further determines whether rain is present on the window. The control preferably includes an edge, detection (44) for detecting 
edges of precipitation droplets on the window and activating the windshield wipers (22) of the vehicle when the number of edges detected 
exceeds a predetermined threshold value. The rain sensor system may further include a polarizing filter (62) and an illumination source 
(55), such that rain sensor system may not only prevent false signals of rain when only fog is present on an interior surface (28) on the 
window, but also allows the rains sensor system to actually detect fog particles on an interior surface on the window, thereby allowing the 
control to further be connected to a ventilation blower within the vehicle for the purpose of activating the blower to eliminate the fog. 



FOR THE PURPOSES OF INFORMATION ONLY 



. Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados ' 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


. Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







. WO 99/23828 



PCT/US98/23062 



RAIN SENSOR WITH FOG DISCRIMINATION 
This non-provisional application is based upon a United States Provisional Patent 
Application, serial number 60/064,335, filed October 30, 1997, and claims its priority date 
from that application, which is hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
This invention relates generally to vehicle moisture detection systems which detect 
precipitation on an outer surface of a vehicle window or windshield and, more particularly, to 
a rain detector which is decoupled from the windshield and capable of separately detecting 
both rain on an exterior surface and fog on an interior surface of the window. 

Several rain sensor systems have been proposed. Early attempts were typically 
closely coupled to the interior surface of the windshield, such as by bonding to the glass 
surface or the like. The problem with such closely coupled units is that they create difficulty 
in the necessity to handle two different windshield configurations in the factory, which 
increases inventory costs. Also, the close coupling creates a difficulty in the replacement of 
the windshield in the after market. This is a result from the necessity to replace the rain 
sensor on the windshield after the windshield has been replaced. The other difficulty with 
closely coupled rain sensor units is that the close proximity of the units to the glass surface 
results in a relatively small sampling area. Therefore, in order to achieve an adequate 
sampling area, closely coupled units increase the number of sampling channels which results 
in the increase of cost and bulk to the unit. 

In order to avoid concerns with replacing a windshield as it may become broken or 
cracked, and other deficiencies with units coupled to the windshield, other devices have been 
proposed that are decoupled from the windshield such that the sensor is spaced from the 
interior surface of the windshield. However, such a system is not good at determining when 
the signal it receives is due to rain droplets on the exterior of the windshield or due to fog 
particles on the interior surface of the windshield. Therefore, fog on the inside of the 
windshield may result in a false rain signal to the system, which may lead to the windshield 
wipers being turned on when there is no moisture present on the exterior surface of the 
windshield. 

Other systems have been proposed to decouple the rain sensor from the windshield in 
order to overcome some of the disadvantages of previously proposed systems. One such 
device-orients-an-illumination-sour 
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another such that when the light is redirected by fog droplets on the inner surface of 
windshield, it is not received by the sensor, while light that is refracted through the 
windshield and further reflected by water droplets on the exterior surface of the windshield 
may be received by the sensor, thereby supposedly detecting rain droplets on the exterior 

5 surface of the windshield. While such a device may arguably reduce the likelihood of a false 
signal of rain when there is only fog present on the interior surface of the windshield, the 
device does not determine that fog is present on the interior surface. Therefore, such a device 
has not been proposed for use with a blower or ventilation system of the vehicle to activate 
the blower and eliminate the fog as it becomes present on the interior surface of . the 

10 windshield. 

Another proposal in which the rain sensor is decoupled from the windshield is 
disclosed in an international patent application to Dennis Hegyi, published November 24, 
1994, under international publication number WO 94/27262. Although the device disclosed 
in Hegyi overcomes some of the difficulties of the prior art, it is not without its own 

15 difficulties. Hegyi recognizes that having the unit spaced from the windshield again allows 
inner surface interference, such as from fog or other moisture collecting on the inner surface 
of the windshield, as well as from cabin smoke and the like coming between the sensor and 
windshield. Although Hegyi purports to discriminate rain on the exterior of the windshield 
and fog on the interior of the windshield, the results have not been totally satisfactory. The 

20 Hegyi unit is an integrating sensor which integrates the output of a photo detector over time 
in order to attempt to detect either rain on the exterior of the windshield or fog on the interior 
of the windshield. Such an integrating sensor tends to dilute the impact of any individual 
phenomena, such as a raindrop or a particle of fog, thereby reducing the ability to detect such 
phenomena. 

25 Typically, the illumination sources implemented in these rain sensors are LEDs or 

laser diodes, which project an infrared signal toward the windshield. Due to the wavelengths 
of the infrared signals, the signals are substantially invisible to a human eye and transmit 
readily through a standard vehicle windshield. However, vehicle manufacturers have 
developed filter characteristics within certain windows and windshields that substantially 

30 reduce the amount of near infrared light that may transmit through the glass and into the 

vehicle, thereby avoiding solar loading within the vehicle by infrared radiation radiating from 
the sun. While these filter characteristics are generally inefficient and allow a range of near 
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infrared wavelengths in the proximity of visible light to transmit therethrough, they 
substantially hinder the effectiveness of a typical infrared emitting LED implemented in a 
conventional rain sensor. 

SUMMARY OF THE INVENTION 
The present invention is intended to provide a vehicular rain sensor which accurately 
detects rain on the windshield under a wide variety of operating conditions, including the 
presence of fog on the windshield interior, and provides the ability to separately detect the 
presence of rain or fog on a window of a vehicle. 

According to an aspect of the invention, a rain sensor which senses rain and/or fog on 
a vehicle window includes an imaging array sensor directed toward a vehicle window and a 
control which responds to an output of the imaging array sensor in order to indicate 
precipitation on an exterior surface of the window. 

According to another aspect of the invention, the control may include a computer 
programmed with an edge detection algorithm, for detecting the edges of droplets of rain as 
they appear on the exterior surface of the windshield. The control may be coupled to a 
windshield wiper such that the wipers are turned on when a predetermined threshold value of 
precipitation is detected on the window. An illumination source may also be implemented 
for illuminating the window when ambient light levels are low. 

According to another aspect of the invention, an optic may be included between the 
imaging array sensor and the windshield. The optic has a low f-ratio which provides a 
narrow depth of field to the imaging array sensor, such that only the area immediately 
adjacent the windshield is in focus on the imaging array sensor. The imaging array sensor 
and optic are oriented relative the windshield to satisfy the Scheimpflug condition such that 
the optic focuses an entire sampling area of the windshield onto the correspondingly angled 
imaging array sensor. 

According to another aspect of the invention, the vehicle rain sensor includes a 
polarizing filter that is at least occasionally positioned in an optical path between the 
illumination source and the sensor to filter out polarized light radiated from a fog particle on 
the inside of the window. The control responds to a signal from the sensor in order to 
indicate precipitation on an exterior surface of the window independent of moisture on an 
interior surface of the window. 
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According to still yet another aspect of the present invention, a vehicle rain sensor for 
detecting rain or fog on a vehicle window comprises at least one illumination source and at 
least one illumination sensor, having at least one optic path therebetween. At least one of the 
optic paths is defined between at least one of the illumination sources and the vehicle 
window, and between the vehicle window and at least one of the illumination sensors. A 
polarizing filter is positioned along at least one of the optic paths, and a control responds to 
an output of at least one of the illumination sensors in order to indicate precipitation on an 
exterior surface of the window or fog on an interior surface of the window. The control may 
communicate with the vehicle windshield wipers and/or the rear window wipers when rain is 
detected on the exterior surface of the window and communicate with a blower within the 
vehicle to activate the blower when fog is detected on the interior surface of the window. 

The invention provides a new principle of rain detection which is decoupled from the 
windshield and accurately detects the presence of rain on the windshield and distinguishes 
rain from other phenomena which could be confused with rain, such as fog. The invention 
further accurately provides for the separate detection of fog, thereby allowing further 
measures to be taken to improve driver visibility. 

These and other object, advantages and features of this invention will become 
apparent upon review of the following specification in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top view of a vehicle with a rain sensor with fog discrimination according 
to the present invention installed therein; 

Fig. 2a is a sectional view taken along line IHI in Fig. 1; 

Fig. 2b is the same view as Fig. 2a of an alternate embodiment of the present 
invention; 

Fig. 3a-c are graphical illustrations of the geometric relationship of the elements of 
Fig. 1 in three dimensions; 

Fig. 4 is a block diagram of an electronic control circuit; 

Fig. 5a is an enlarged illustration of the optical features of rain droplets which are 
detected by an edge detection algorithm during daytime conditions; 

Fig. 5b is the same view as Fig. 5a during nighttime conditions; 
Fig. 6 is the same view as Fig, 4 of an alternate embodiment thereof; 
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. issued to Schofield et al., the disclosure of which is hereby incorporated herein by reference. 
By mounting rain sensor system 16 in a rear view mirror bracket such that illumination 
detector 36 is directed toward the front of the vehicle, rain sensor system 16 may be adapted 
to also operate as a head lamp controller, as disclosed in commonly assigned United States 
5 Patent 5,796,094 issued to Schofield et al., the disclosure of which is hereby incorporated 
herein by reference. Furthermore, illumination detector 36 may be adapted to function as a 
component of an active cruise control system, whereby the detector functions to determine 
the speed at which the vehicle is travelling. Alternatively, if the rain sensor system disclosed 
herein were mounted such that illumination detector 36 were facing rearward, toward rear 
10 window 20 of vehicle 1 8, illumination detector 36 may be adapted to function as a 
component of a vehicle back-up aid system. 

Illumination detector 36 is preferably a multi-element imaging array mounted behind 
an optic lens 46 that is positioned between detector 36 and windshield 19. Lens 46 is 
preferably designed to have a small f-ratio in a range between approximately 0.8 and 
15 approximately 1.1, and a long focal length, preferably as long as possible while still 

encompassing sampling area 48. This provides a narrow depth of field of the image, which 
results in detector 36 receiving a focused image of only the area immediately forward and 
rearward of window 19. Imaging array detector 36, lens 46 and window 19 are all oriented 
relative one another according to the Scheimpflug relationship, which results in scenic 
20 information of sampling area 48 on window 19 being in focus on detector 36, not 
withstanding the small f-ratio and long focal length of the optic. This relationship is 
commonly known in the field of optical engineering and is illustrated in Figs. 3a-c by a plane 
49 passing through lens 46 and a plane, shown by dashed line 50, extending along detector 
36, both of which intersect a plane defined by window 19 at a line 52 (Fig. 3c). This 
25 relationship applies three dimensionally, with plane 49 passing through lens 46 and plane 50 
extending along detector 36 intersecting the plane defined by window 19 at the same line 53 
(Fig. 3b). By orienting detector 36, lens 46 and window 1 9 in such a fashion, the entire 
angled surface of sampling area 48 on window 19 will be brought into focus on the angled 
surface of detector 36. 

30 As shown in Fig. 4, rain sensor 16 includes an electronic control 40 having an A/D 

converter 37 which converts the analog information captured by imaging array 36 into digital 
format for use in processing by an edge detection function 44. If the edge detection function 
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detects the presence of rain droplets, a windshield wiper control 21 turns on the windshield 
wipers 22 and/or modulates the wiper speed in proportion to the quantity of droplets detected. 
Control 40 further includes a detection control function 42 which coordinates operation of the 
various components of control 40 so that individual capture frames of array 36 are grabbed 

5 and processed. Preferably, the functions of control 40 are integrated in a programmed 

computer or micro-computer, but may be individually provided as discreet analog or digital 
components. If array 36 includes interface circuitry capable of producing digital signals, the 
need for A/D converter 37 may be obviated. By the terms control and /or computer as used 
herein, it is envisioned that the present invention may include a micro-computer with an 

10 embedded control application, a custom digital logic circuit, a digital signal processor circuit 
or the like, which may be adaptable to be positioned within or in the vicinity of a rear view 
mirror housing. 

Edge detection function, shown generally at 44 in Fig. 4, analyzes the signal from 
illumination detector 36 and determines the number of precipitation droplets present on 

15 exterior surface 24 by detecting the edge of each droplet and further determining if the 

number of edges detected is above a predetermined threshold value. Edge detection function 
44 allows imaging array detector 36 to interrogate many complex patterns on a surface of 
window 19, instead of integrating them together and thereby diluting the impact of the 
effects. The edge detection function isolates and identifies the individual phenomenon that 

20 become present on exterior surface 24 of window 19, which allows the system to separate out 
the multiple effects of the phenomena, rather than integrating them together. Such an edge 
detection algorithm is commercially available and is marketed by Math Works as a MATLAB 
image processing toolbox EDGE routine. Alternately, an edge detection/thresholding 
algorithm may be used that uses the Roberts, Prewitt, or Sobel approximation to the 

25 derivative, which are generally known in the art. While these algorithms are available and 
have been used to test and evaluate the present invention, it is important to note that many 
edge detection algorithms are commercially available and a skilled artisan would select the 
appropriate algorithm for each application of the present invention. For example, an edge 
detection algorithm may analyze precipitation droplets in a linear manner, where the 
30 algorithm enhances the edges as received by the imaging array detector and counts the 
contiguous droplets present within the sampling area. Alternatively, an edge detection 
algorithm may enhance and then further analyze the droplets according to the number of 
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droplets and the size of their contiguous edges or other characteristics. Therefore, by 
implementing an imaging array sensor for illumination detector 36 and further utilizing an 
edge detection algorithm 44, the effects of fog on the interior surface 28 of window 19, and 
of other interferences, may be reduced as the rain sensor actually receives and analyzes the 
contiguous droplet edges present within an image of sampling area 48 on window 19, rather 
than merely receiving a pulse of light reflecting or emitting from an object on window 19. 

Control 40 may be used to control windshield wipers 22 on front window 19 and may 
further be used to control rear window wipers 26 on rear window 20 of the vehicle 18. 
Control 40 may turn on rear wiper 26 at the same or different rate as front wipers 22. For 
example, for every N wipes of front wiper 32, control 40 may generate a command for rear 
wiper 26 to wipe one time. N is preferably some number greater than 1 so that rear wiper 26 
does not wipe as often as front wiper 22. Control 40 may further vary the rate of rear wiper 
26 based on the wipe rate of front wipers 22, which may also be varied depending on the 
level of precipitation detected on exterior surface 24 of window 19. Furthermore, the edge 
detection function may provide various thresholds at which control 40 activates the wipers at 
different speeds. For example, when the size and/or number of contiguous edges is low, the 
wipers may be activated for only a single wipe across the windshield or rear window, 
whereas when the size and/or number of the contiguous edges increases, a continuous low 
speed wipe may be provided or even a continuous high speed wipe as the size and/or number 
of contiguous edges detected further increases. 

In an alternate embodiment of a vehicle rain sensor system 16', illustrated in Fig. 2b, 
an illumination source 38 is also positioned within pod 3 1 to provide illumination to sampling 
area 48 of window 19. This allows illumination detector 36 to operate in low ambient light 
conditions by illuminating raindrops present on the window. When precipitation of fog is 
present on window 19, illumination emitting from illumination source 38 is reflected and 
refracted by the window and the precipitation droplets such that illumination is received by 
illumination detector 36. However, when neither fog nor rain is present on window 19, 
illumination detector 36 does not directly receive any substantial amount of light emitting 
from illumination source 38, as light emitting from illumination source 38 reflects downward 
from interior surface 28 of window 19 or refracts through window 19, rather than reflecting 
toward illumination detector 36. 
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Illumination source 38 may be a standard photodiode, infrared energy emitter or the 
like, and is preferably operable in a pulse mode. Most preferably, rain sensor 16' is 
coordinated such that illumination source 38 is pulsed to illuminate the area on the window 
while illumination detector is simultaneously exposed to the area. Illumination detector 36 
may be either mechanically or electronically shuttered open at the precise moment that 
illumination source 38 is pulsed or activated. This results in a more efficient system by 
avoiding the operation of illumination source 38 except for those moments when illumination 
sensor 36 is actually receiving an image. This also allows a high peak illumination, as 
provided by illumination source 38, to be more readily extracted from the background 
ambient lighting. Because an imaging array sensor may process either visible light or 
invisible, infrared ranges, illumination source 38 of the present invention may provide 
illumination at a preferred wavelength which is between the visible ranges and infrared 
ranges. Therefore, illumination source 38 is preferably a LED which emits energy pulses 
having a wavelength near that of infrared light, such that the beam emitted is substantially 
invisible to the human eye, yet may still pass through the infrared filter characteristics within 
certain vehicle's windows. Most preferably, the energy emitted by illumination source 38 
has a wavelength within the range of approximately 820 to 880 nanometers, which may be 
transmitted through the filtering characteristics of a window and processed by imaging array 
sensor 36. 

A control 40' useful with rain sensor system 16' includes an ambient light logic 
function 54 to determine the level of ambient light present on window 19 and switch rain 
sensor system 16' between a passive mode, where illumination source 38 is not used, when 
light present on window 1 9 is provided by ambient light, and an active mode, where 
illumination source 38 is activated by an illumination source control 55, and patterns are 
illuminated on windshield 19 by illumination source 38 and received by imaging array 36 
(Fig. 6). Preferably, illumination source control 55 activates illumination source 38 when the 
illumination level detected by ambient light logic function 54 is below a threshold value of 
approximately 250 lux. More preferably, the active mode is triggered when the illumination 
level detected is below approximately .150 lux, and most preferably, when the illumination 
level detected is below approximately 100 lux. Alternatively, illumination source control 55 
may activate illumination source 38 in response to a signal from a head lamp controller to 
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activate the headlights of the vehicle, or in response to the headlights being otherwise 
activated. 

Most preferably, ambient light logic function 54 is responsive to the output of A/D 
converter 37 to determine ambient conditions from a light level sensed by imaging array 
sensor 36. More particularly, present ambient light conditions may be determined by 
summing the signal values received by each pixel within the imaging array sensor. When the 
sum of the values is above a predetermined threshold value, rain sensor system 16' operates in 
its passive mode and edge detection algorithm 44 analyzes the image as discussed above, 
while if the sum is below the predetermined threshold value, rain sensor system 16' instead 
operates in its active mode where ambient logic function 54 causes illumination source 
control 55 to activate illumination source 38. When in the active mode, illumination source 
38 may be turned on in a pulse mode, so that illumination detector 36 receives several images 
to extract the signal from any noise that may be present. Once the noise has been removed 
from the signal, control function 42 determines if the level of precipitation, if any, is above a 
predetermined threshold value. If rain is detected, wiper control 21 activates front wipers 22, 
and may also operate rear wiper 26, as necessary. 

Typical raindrops, as received by an imaging array sensor, are shown at 57 in Figs. 5a 
and 5b. Figure 5a shows an image of rain drops 57 on windshield 19 during daytime light 
conditions, when the system 16' may be in a passive mode. Fig. 5b shows images of typical 
raindrops 57 on window 19 when the system 16 1 is in an active mode at night lighting 
conditions. When precipitation droplets 57, such as from rain, dew or the like, are present on 
exterior surface 24 of window 1 9 in area 48 during the daytime, the light received by 
illumination detector 36 includes dark rings 56, which correspond to the edges of the 
precipitation droplets 57 present on window 19, as best shown in Fig. 5a. Conversely, when 
rain sensor 16 ! is in an active mode at nighttime, the edges of precipitation droplets 57 form 
images of light rings 58 on a dark background 59, as shown in Fig. 5b. The edge detection 
function 44 in control 40 ! functions to detect and analyze rings 56 and 58 and further 
determines a density of raindrops on area 48 of window 19. In both light conditions, the 
same edge detection algorithm may be applied to detect the edges and count the number of 
rain drops present on window 19, and compare that amount to a predetermined threshold 
value. Once the number of rings 56 and 58 that are detected is above a predetermined 
threshold value, control 40' operates to activate windshield wipers 22, including modulating 
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wi|tcr spoud a» a I unction itf raindrop cfcmrily Mnscd. Preferably* the. (hieshold value. may br. 
ciumged as (lie level of ambjciU lifiitt changes, as Itie driver of a vehicle becomes more 
senxltive to xaiudiopv on the vrfmfobidd as ambient cwdMcmst gpf chrkir. Thcicfoiu, the 
alfturUtan may hovr. >j Imvr.r threshold i'»l»edmmg mghMime comNfwns than durin n daytime 
5 conditions. The Llirexhuld value may change a* mm semen syKlefn 16' if* switched between its 
nctiw. anil native rru>deR. 

Iteferiag now tf> Hg. 7, a flow chart ofawnrn>f process 21)0 of rain Runwir Kysteixi 
16' begins at ?.<IS by first grabbing mi imaged 0 received hy inuminjj unity bciihui and 
nsctting rhe number oleu^e omrnCt by edge deleetiriri lUnetron to zejo 220. The sum oPfbe 
1 0 II ght. v»i«LK s*n&e<l by (he pixel in i ma&inj; army fieii^r cs then determined and compared b i a 
rhrcirhold vntae. 230. If it js dctenumed at 230 that the sum is greater flimi (he (tmMhufd 
value, theji the edge detection function is activated MO, Thp odgui delected me Cliwi 
ana3yz«i at 245 ritiemrim irfh&numbur ml/m si/mirthe ed^e* detected is fiisatcr ton 8 
threshold value. Kit m ilefcmiincd at 245 tliut (hennmber and/or siae of (3ie edges <lctcctod i« 
is grantor (him a threshold value, control pjocess 20H functions to activate the wipers at 250. If 
ti 1c ttlfces detected arc less than the threshold value a Viper ofT saj?.wi1 » *«"t al 200. After 
the control scuds? the appropriate rigpnl the sysfcni velum* 270 to itx Initial seitcags and 
resumes the wmiplnig pmeesw 205. 

Kir W determined at 230 that the kuui uflhe lifcht value? SCDSfd by ima«inft iirnly 
9Xi rteTiKur arc le*x [but] (be (toehold values, Ambient sense, io&i e fuiiciioii 54 activates or pulses 
mi LUiuiiicnCJon source at 28(1. When the- iUiunuiatiou amm» i» pulsed, (lace more iragt» 
$imul(a«wuxfy taken a( 200 by imaging array wusur, while lima?, addition^ hmu/,es aie 
grabbr d hslweej i the pulses ot when lite illuttitnaltoxi sonicc is otbc rwi » n(T al 300. The 
cxuitwl pjocess (ten subtracts the data collcclod during tbc "ctf frames from ihe data 
2& collected during fta WfiWiKS frf 310 to remove any noisw fitmi l>iesiftfUls. Oncethc nnl» 
lias bccJi scmox'ed: the edge deletion ftmction 44 is tielivated al 320 and (be lUimlXii' and/fir 
55i70 Qf the udges^ deieelcd aie cxunjjafcd hi a tlne»liold value 330. 11* it is determined At 330 
thai Ihu Tiumher and/ur «'r/c of (lie edneK urc ureaLer Ihau (be uU*sh<ikl VRluC, the illumiiraCuirj 
som^ i* deactcviiteJ 340 and a su^ia! is cojim\u(i(ca(c^ to acti'vxtc flw. wijieis 250 at an 
50 appjopiiace. speed. On the odici baud, if the number of edpes defected i» lefi« Ihnu Ihe 
ffiradmld value, iha illuminaluw snuree is deacfivded al 350 and « 'Viper oit" Sl&ni h 
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communicated at 260. Once either signal is communicated to the wipers, the system 16' 
again returns 270 to its initial settings and resumes the sampling process 205. 

In an alternate embodiment, a rain sensor system 120 further includes a polarizing 
filter 62. This may allow rain sensor system 120 to discern between rain 57 and fog 66 on 
window 19, such that control function 42 may activate either wipers 22 or blower 60 when 
necessary, as discussed below. Polarizing filter 62 is positioned along an optic path 64 
between illumination source 38 and illumination detector 36, and may be located between 
illumination source 38 and window 19 or between illumination detector 36 and window 19. 
By including a polarizing filter 62 according to the present invention, illumination detector 36 
may be an inexpensive single element photo-sensor or the like, while still enabling rain 
sensor system 120 to detect and discriminate between fog and rain on window 19, thereby 
achieving optimal performance of the system at a potentially lower cost than a multi-element 
imaging array sensor. 

Referring now to Figs. 8a, 8b and 8c, illumination source 38, illumination detector 36 
and polarizing filter 62 are shown unattached to any base or bracket for clarity only, and are 
preferably mounted within a rear view mirror bracket or the like, as discussed above. 
Polarizing filter 62 is shown positioned between window 19 and illumination detector 36 and 
substantially reduces light that is oppositely polarized from a pass axis 67 within polarizing 
filter 62. When there is neither precipitation droplets present on exterior surface 24 of 
window 19 nor fog particles present on interior surface 28 of window 19, as illustrated in Fig. 
8a, illumination detector 36 does, not directly receive any substantial amount of light emitting 
from illumination source 38. This is due to the angle of window 19 relative illumination 
source 38 and detector 36, as light emitting from source 38 reflects downward from interior 
surface 28 of window 19 or refracts through window 19. However, as precipitation droplets 
become present on window 19 or fog particles 66 accumulate on interior surface 28 of 
window 19, light that radiates from illumination source 38 is directed toward illumination 
detector 36 as it either scatters and reflects due to rain droplets 57 on exterior surface 24 or is 
reemitted by a particle of fog 66 on interior surface 28 of window 19. 

As illustrated in Fig. 8b, polarizing filter 62 substantially reduces light radiating from 
fog particle 66 that is received by illumination sensor 36. This is possible due to the fact that 
for most media, light is a transverse electromagnetic field, such that a non-polarized light ray, 
represented by line 68, has electromagnetic fields, generally represented by arrows 70, in all 
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directions perpendicular to the direction that the light wave is traveling. Therefore, in order 
for light to propagate in any direction, the electromagnetic field coincident with the light ray 
must oscillate perpendicular to the direction of travel. When incident unpolarized light 68 is 
' absorbed by a small enough particle, such as a particle of fog 66 or the like, the electrons of 
the particle vibrate in the directions of electromagnetic fields 70 present in the incident 
unpolarized light 68. The intensity of the light radiating from a small particle when 
illuminated by polarized light varies according to the equation: 

12n-cs„r . where X ■ 

where po is the dipole moment, co is the angular frequency of light, X is the wavelength of 
light, c is the speed of light, so is the permittivity of free space, r is the distance that the light 
is from the dipole, and 0 is the angle of the radiated light relative to the direction of 
oscillation of the electrons in the particle. For non-polarized light striking a small particle, 
the overall intensity of the light radiated from the particle is a linear superposition of the 
intensities from each electromagnetic field oscillating within the incident light. As the light 
is radiated in a direction perpendicular to the incident ray of light, 0 is approximately zero 
- relative to the electrons oscillating along one of the electromagnetic fields, which results in a 
substantially zero intensity of light in that direction that is supported by that particular 
electromagnetic field. On the other hand, 9 is simultaneously approximately 90 degrees 
relative to the direction of oscillation of electrons oscillating along another of the 
) electromagnetic fields, which results in the light supported by the second electromagnetic 
field being at itsgreatest intensity. Therefore, the superposition of these intensities results in 
a light ray 72 re-emitting from a fog particle 66 that is substantially linearly polarized light 
when the emitted light propagates at approximately 90 degrees relative to the direction of the 
incident light, as the other directions of oscillation either were not present in the incident 
5 unpolarized light 68 or otherwise cannot support propagation of the light. However, as the 
size of the particle increases, such as to the size of a rain droplet, the polarization effect goes 
away. Therefore, while light re-emitting from a fog particle is substantially linearly 
polarized, light reflecting and scattering from a precipitation droplet is primarily non- 
polarized. 

30 -Preferablyrillum^ 

one another at approximately an 80 to 100 degree angle at interior surface 28 of window 19. 
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Most preferably, this an pi e ta appnxhnaldy (Xl degrees. Pokir/iiiK JlIIjcst 62 may b? placed 
between window T 0 and illumination dttfeclw 36 kuxH lhaf ilk; puStf axis 67 is perpendicular In 
am cIcciuHttuKpeiic ttelrf pitted in (be. linear polarized light 72 enwufag ftom iJi^ % puriteke. 
(ft As shown 5n Peg. 8b, tar example, with illumination detector 36 *"d snuivc 38 being, 
oriental substantially h&MzontHlly, the polled light 72 auditing frrmi particle 66 toward 
illumination detector 1 6 1 » suh«faiif.iHl I y vertical ly pnlmiwd. J1 y orienting, the pass axis <>7 1> f 
polar [zing filter ti2 subttfunCiulLy liorizoiifnll>v Hi we will be substantial filtering of fhn 
polarised KghL my 72 bsfote it is tewiwd by illumination detector VS. Thcnrfbre* when £b£ 
particles 66 tire, present on interior surface 78 of window 19, nlninhiuimn detector 36 receiver 
a vciy weak signal, simitar ho the jdpjinl trsceivmd when there is neither rain noj ft>£ present on 
11 ic window, tbfltshy .KuhMimtiiilly reducing any pcWihilily ol' illumination dctccCoi 36 
rceeiviiY. a fiilse frixnul oFTaiu droplet* tfhen theie Is merely fog pallidal <W present <»i 
interior 8nrlui*v.28 Of' window 19. 

- As shown In Fig. 8c* when a prcc-ipitHtinn drople/ 57 is prcrcnl un exfea jor surface *24 
of window 39, incidwrt.impnlariml light 68 lulraufc llnougb window 1^ and reflect* within 
(lie water tfropfoft 57, rescdLing in n Hculleriiiu. ofiigjd bad: towaJtJ interior surface 28 of 
window t9. The light w reflected and scattered in many directions .such ihui a mlisfcutiial 
mnouni. nfligjht miiy be i^cecved by illumination detector 3o\ ilivrchy (pnmtinii a rignai lfa«f 
there iff rain present on exterior rarftar M of window 19. The KCtttteied Iig)rt remains 
niipolnilzed an^ thus pajwciH fhmugh polarizing, IlkCtsr 62, ux polarizing, ftStcr G2 merely 
potari7cs the light, fliereby allowing liyhl that >uik its electromagnetic fields (kIiowu us a 
hnriwnn»l Sine 73) substantially nimifcar to Hie pasr> axis 67 of pointing filler fi2 (u pas* 
tiicfLlhmtN^li. Therefore^ illumination detector 36 still receive* u Kfrun&ej signal wlicn there 
me precipitation particles 57 on cxtcricu*smfaw24 of window 19 limn when thcrc iscif-her 
fog panicles 6*6 jncscnf nn hibrMir xurf^c 28 u\' wincluw 19 or whenthcic w nddier "Of 
iTiin pnsffiaif i>n window 19. Aflcj- illurrurialkori detect! 36 fXJCCJVCS fho poianxwl liylil ray as 
pnlari/cd by jjolnrizitig llller 62 4 conlcol lunctjan 42 again fiwcf icm« Lo mialyzc Hie fcienal 
received and determine, wlic titer wipeas 22 and 26 should But'wutcd, as dj^u^scd above. 

Alternately, polsrlzsng iil(e-r 62 may bomovubly posriliimed in optic path Gt, to fillnw 
illumination detector 36 to voucivc sngnnl nllenudhig I'nwj pjjlarizcil to non'pofaii7/?d li^hl 
by occeiyionxlly p:iKiliiKiin^ pukri/in^ filler 62 in "fitic putlt 64, llils allnwK j^iin sensor 
Hy»lLTrj I2fl iti furihcrdusceiti between wlien pfesaiU, vfociuwn wimssica^ when both 
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rain and fog arc jncwnt, mid when neither rain nor fog is present. i'Jic difference between (lie 
polarized mid nc^xilarard ohmU received hy illumination deteomr \6 is ^eater when fog 
is plume wi lite window, compared lo lite difference belwuwi the fitioiift sisals received 
when tmij Miotic is picscnt on window 1^- Whai fog is detected by control nincrion the 
totuisity of pdi »'i^ri»^ is mfurarcd m father determine if r»in is also pmcnt rni cxlcriur 
surface 7.4. Mmoquundy, anilml 40' may father comimnnciilr. wild Mower 60 williiri 
vehicle TK to apGrafebtaww 60 raid eliminate Ihc fox on Ihc intexwi surliice aT window 1 !» 1 
when ti thieshald value oHor is detected,, while also auCividixiR wipers 22 if necessary. When 
weak .siKTJuli are received both v/Iicji the polarize* is present and v/hen not pom, neither. 
Hi rain nor Rj£ is present on window 19. 

In an atemnte cinhortimcnt, x$ shown in Kiffj- V and 1 fl, a rain xciikift tystm 130 
filrthcj behvtai a acornd illumination dctocJor 74 winch dcfini:* a Hemrid optic path 76 
between illuniiniliott source 38 and sec^l de.lechv 74 via window 19. A poforWnjj filler 62 
muy he positioned At any noint afong one or the olhw of the two optic paths M and 76. As 
15 shown h) Kip- pnljivi/jng nitisr 62 may he positioned hclvvren illiitiinlcOiOJl detector 7'1 and 
window T9. BecauHsprilaririaft filler 62 (fc ^fcttieiied along optic path 76, illumination 
smujueM and second Jlluminatlon detector 74 are preferably oriented wJnfiwowenmiawr «l 
approximately an 80 to 10U degree angle at iutertcu* sur&w?,* of wmdnw 1 9, md must 
preferably at approxhxumHy * 90 dqgra? angle. JfluTOhiaimn detcufnr 36 may (hen bo 
20 positioned raihKtantially adjaucnt defect™ 74, preferably with an arirfe A between detect™ 
Vi arid 74 hdiignmurmyw] Co be ax dose Ui /em decrees uw possible, suohtiiatbofhdclirckinc 
ixx*i w KuhsCMUially the same light signal from window 19. When ncithw % but rain i» 
present on window Ifl, as shown hi Fig. 10a, neither first jllumimdiisn detoclur 36 nor sccoxid 
ilinnutiatioii detector 74 receives « strong signal dfawtly nx»n ilhiminuluHi sinuce.38. 
25 However, when i ain i« premiC < m window I f>, polari/inu HHer 62 polarizes a Ji^jir lay 1H 
from illunnnalum xouree 38 ailing upliepufti 76, Chut ii f wkrizfiU Icalit ray »0, ¥«ftioh is 
Ttcei ved hy illmniiuilioii detector 74, b liinaidy p^Uiri^d hi ojic dirccUoi) only, «udi an 5n the 
horizontal dhwtion shown m Wg. IQu A non-pohnlzcd light M i« »irriultimeirusly 
rcDiaval by Tn«l illaTnirialiuii dcTccUn 36. 'n.enilUrc, v/}ieri rata dajps Or OllKJ precipitation 
V) dmplel« are pttjweul on exterior suciace 24 iif window 19, both illumination dcteetoi«s Hfi and 
74 svill i^eivc a signal as the non-polarized light lays 11 and 82 3irc reflected, lefraelcd mid 
scaaei^l by the droplets pewene on window 15>\ such tlttt R substantial jimticm of the 
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xe»t<ei\;4 light is diniC-ted towarcl both ilhimimitinn detectors 36 and 74 . Ilecauae. light ™y 7& 
is not polarized when if.rcachca pnluTiziruj Ijller 02, polarizing fcJter 62 ineidy pnfurixw the 
Jjgbf, which still uUqwr pukramd light lay 8 U to be received by illuiniiuition dclectof 74. 

When fog pxrliiilcx 66 alone arc present on interim- Miifacc 28 of windciw 1 9 f as 
shown in Hsg. I Oh, a pulurized light my &f> f ixim fo^ patticic 66 is anil tad unly iu dirofarw 
perpendicular to urn tcic-jdcut i*y of fight 88 fnnci fltaaunatjon source 38. As discussed ubuvc, 
tlic fnlcnloClCI) of iUciminnCicin deleter 74 relative to illunnnarum SOlliCC 38 i» preferably at 
sppioxiTnately a £0 degree auulc idoru> optic 7fi, such thai poiaiircd light rny 80 is 
dirtied toward illumination detector 74. Therefore, polarizing filter 62, with its pass *xis 67 
oriented iu a clbucliun perpendicular to the cleclrtinjiiKoetic. ficJd 7>. in polarized light my 84s 
functions to *un*Uinlui!]y filter cast pota-ixed li^ht fay U so that. HiihaLimtiaUy no signal 5k 
received hy i I Uicnniiilion detector 74 when Jug is prcscnton i irtwi iWKurihce 7.X of window IfJ. 
Cnnverxeiy, LUnnifnuti vn clckcUu- 36 SttnultancoiUHly receives a non-ftftcred liuhl ray M when 
foyr yji^seiit on window 1 9. Liyht ray 84 rttby ulso bs KubtfairtiaJly polarised if illinninalion 
detector 3ti fee ahai urieJtfcd f dative tn illumination source ^ at appniximatcJy u 00 deuree 
angle- «l window 19. 

Decmiie ilhuili nation detector 30 aud 74 receive diffident signal* when log is 
present, when rain i» present, wiicfl both min and fou. are present mil when neither miia m>i 
Toy ts present rni window 1 9, eonmil fUneliuu 42 may anatywi flu? Kjgnnis received by both 
Uiumhittfion detectors 3 6 snd 14 ki determine, (t* cither fog is present on irrteiior &nrfacc 2# or 
pivcifiilAliuci ifc present on exterior surface 24 of window 19 or both fc>£ and precipjtttion rare 
present. If (lie signal received by ilhimiiwtion deiretcir 36 is approximately ec^uaJ to twiLe tile 
.sijyjvii nscdvod liy >**mjd iihimuiarion d^L^cir 74, liwrt jjo fog is? present, Lioji-jioJariz^ 
Ijgbi passes tlmmgh yxtimziag to mid ix rceerved iDunxiniLiuri detector "K. Ojrilrol 
luuction ^ then mea$aLV55 the intensity of the si^aals to (fcrwininc if Men iJ prcswnl, as f aij) 
1X»«J^ in » greater intensity in the signal lecciwd duo to sealfmnu oi" ligjQC frrnn r«iin dwplel 
.57. On Hie oOicj- hand, if a j»i^ial is received by illnininMlicin detector 74, yt?L die. sigLuf 
received by tttlimi nation detector 36 ij siil>5tRntj»\ly ^leiileT thaJl fwiw ibe- «i^l iwcivtd by 
second Khimhiutimi de^ectoj 7fl % then wmfml funclion 42 nwy conclude liiat iofc i« ^ esent OJ) 
iiitoiuw sui fiwe 28 of window 1 and iKtivute Wowe/ 6U (O ilctb^ Ihe itttciiox rutIiiob 23 of 
wi[idow 19, If fog dciecteO^ control function PurlhcT rne^nrcs aj^d cxnupures the 
inUmitics of tkie signals (0 dctmnincif rain i« ilIho pre^etil on exterior Kiirhwe 24. 
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Illumination detectors 36 and 74 may either be single element photo-sensors or multi-element 
imaging arrays, both of which are capable of receiving the different signals reflecting or 
emitting from objects on window 19. 

Another alternate embodiment of the present invention is shown in Fig. 1 1 , where a 
rain sensor system 140 includes two illumination sources 38 and 94, one illumination detector 
36 and a polarizing filter 62. In this embodiment, polarizing filter 62 may be positioned 
between illumination source 94 and window 19, such that illumination detector 36 receives 
light from a polarized source 94 and an unpolarized source 38. Illumination sources 38 and 

94 are cycled alternately such that illumination detector 36 and control function 42 may 
determine which illumination source 38 or 94 the signal is being received from. The 
orientation of polarized source 94 and illumination detector 36 is preferably within a range of 
approximately 80 to 100 degrees relative one another, and most preferably approximately 90 
degrees relative one another. This embodiment functions similar to those described above, in 
that when there is neither rain nor fog present on window 19, illumination detector 36 
receives substantially no signal from both illumination sources 38 and 94. However, when 
small fog particles are present on interior surface 28 of window 19, a polarized beam or ray 
96, having an electromagnetic field 95 in a single direction which is substantially 
perpendicular to light ray 96, passes through linear polarizer 62 and is absorbed and re- 
emitted by the particles. According to the light intensity equation for 1(0) discussed above, 
when linearly polarized light strikes a fog particle, the intensity of light re-emitted will be 
approximately zero in a direction that is both along the direction of the electromagnetic field 

95 present in the polarized ray of light and perpendicular to the incident ray of light, as the 
angle 9 will be zero in that direction. By positioning illumination detector 36 along a path in 
this direction, illumination detector 36 receives substantially no signal from polarized 
illumination source 94 when fog is present on the interior surface 28 of window 19, yet still 
receives a strong signal from unpolarized illumination source 38. On the other hand, if rain 
alone is present on window 19, illumination detector 36 receives a strong signal from 
illumination source 38 and approximately a one-half signal from illumination source 94. 
Furthermore, if both fog and rain are present on window 19, illumination detector 36 again 
receives a strong signal from illumination source 38, but receives a signal from illumination 
source 94 that is greater than the approximately zero intensity signal received when fog alone 
is presentrburlesTtKanTthe approximately one-half signal received when rain alone is present 
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on window 1 9. CWiul luncliuii 42 compares fhu. royals rcouivtil from euoh illxiiiuaatjorv 
source 3B and 94 to dcJcrmiLic it* fog, rain, both fo£ and Mitt or neither fog nor rail) is puwent 
on window ] 9, »"H cflncKpnncfiri^y artwerc ot cfnnrt3vatcThc.«ppi^])rktc<ktvicc. 
fllumCHaliOJ) dctCCtor % tif rain BmfW'jyttcni 140 is preferably flii imaging army sensor, but 
may Afaeniativcl y he a si n$l c element nhnnvsensnv nv the likcx 

Sn'll yDf. unirflicr embodiment of rhepraunr inveiitiim is shi»wri in Fig. !2> where a 
l ain senm* system 150 includes a single iliiicirinnifcn) source 3B and Two OJuinhiatinn 
detectors 36 and 102. A polarizing fillet* 62 is positioned between \ I In mi tuition source 3R und 
window 19, juoh that ft light my 1 114 from illumination source 18 is pnluri/cd Co brCOttie. a 
polarised light my Iflfi before reflecting nr enduing fixim window f9. Roth detectors 36 and 
1 f)7. aTOnicrombly oriented wilhiti ti nun^e nf upprnKinudely 80 to LOO degrees rcfotivecne 
Emodua, □* renre^nled by cuk angle 13 in Fig. L2> and further orLemerf within « range nf 
approximately XOm Kit) rlegiee.s relatiwnoferizttH illimniisrieii snu*ee38. Vkwt preferably. 
iHnminjitinn detectum 3tf unci Ifl2 undilhimmutinn source 38 ureoi jailed at approximately 

00 decrees relative one Another. Polarizing filter fl2 lias little effect on rain senam- ay&terr i 
150 when rain Is present on window 19 or when neither rain nor fog i* pmwerii cm window 19. 

1 Lowever, when fog particles 66 arc ]>racnt on infiaior surface 28 ol* wiiutow 39^ polarized 
iig)it ray 1 Ue is absorbed by fog pwtteknj 66 and is le-omitted wifli a tirirunurf ur substantial ly 
acio intently in a direeiion iwullel Cjo the clcclruTrmgnrfic field that was pivscrttuipofmi/jed 
liglil my I Qfi. Thcrelhrc, by puhuiziug Llie li^hl in Lhe horizontal dhccfion, as shown ui Pig. 

1 2, li&fct in a verlieid dueclion, or perpendicular to the pass axis G7 nr nohnuusd 
electromagnetic field, is cmiuccl by the small panicle of log Go with u rouuh ^eatcr intensity 
than the light jmipagating pxr*dlel to the idccfnnniigiietic Held. This [esulls in second 
ilhamiuation dc£ecu>r 1 02 ltxxsi vioy poluri/cd liu.nl I OR n>srniu*id JV-uju a log ncnficCc, while 
llrKi illuminiitniTj deLccUir 36 receives xuib»>lLULCi£jil1>' no .siiijiuL wliCll fog Is Jiit-scjit on the. 
uifcj'kn- smfucc oJ' window 1^. li'tbe si^ia) jeceive^l b>' illiinuiiation rtcrfccLnr 3t> in 
ajicuoxliiutcly tho kuik-AS the si^twtl noccived hy second ilLumiimlioii detecLor 102» tlicn 
amtToi fundi oi i 42 nmy u>ricluue lhul no fn^ i^ prrexen t nit ioterioi surface 28 of window 10. 
The iiuecixJly oi' Ihe Higjiuis arc lUen unulyzod huJ wxtipiiced 10 dcfcnninc if mill ulone is 
pjttrctiC on window 19. lloweveiv it' (he fci^iial j^ive4 sx>C0Jirf iOuininatirai ddecUnr 102 
is substantially gi^tcrthau the sjgjiaJ rccciv«l b} 1 jllnmliiatioji dcfccioi- 3(i, theai log is 
present oji interior surface W of whidcw W, and coofiol n'mctinji 42 niziy subsequently 
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opnvne the blower to clictuciaCf. (be ioj> uud fuithei compare Hie intensities* of the w^tiaU; 
received to delctnunc it' rain is also jircsc4K on window J9. 

Referring now to Fig. 13,*m ultimo can bodhncnl ofamn scdsot system Tft'Ois 
diagrammed. Kjiii> xeniair «v*feim include* wr. lemrt one Ulinrmimioii «rniroc u£ least owe 
S Jlhiinmntmn Kcns»or 36 and a no)arr/.ing JilLer (mil abnwn }. A 01 mtml 4(T useful with rain 
«ims«r syatean 1 60 includes an ambient light loftic function 54 Co determine. Che intensity of 
ambient light and switch rslu sensor system 160 between active and passive moHch\ hs 
discussed above, Most preferably, ambient fo&Lc fimction 54 responds to the nnqmf. of A/D 
converter 37 tn determine ambient onndiiinm as sniscd by nr le»sn one of the inmpirujt array 

10 UMlSOrs JinH ft irlhia communicate* with ilLnitiinnLinn Jtooroe bi in tail 55 il urNbietll tight is 
brJovv n tliTt2K>inld value, lUutmnatiori souiuc contrnl 55 Elevates at least one of the 
Ellinninutinn sources 38 so that Sight may be leceived by imaging atray soman?* So*. The 
polarizing. filter is prrKithmcd along «lkvsx< ont: rnninnath between iheilluniinalionamrcei 
and the i Uuinmntton juiucto »n us fo filfia* or nnlariyxi light heTnrc it is received by at least one 

1 5 of the srenamr*, xiin flax to the embodiment* rfiscus&ed above. Edge detection iutictRin 44 Ihen 
unulyyjej? the signal or signals received by the iJhmunatton sensor or ssiwr «-.s to detenirine if 
there is train alone, % ulone, bnih rain and Po^, or neifliLT rain nor U% present oci window 1 J>. 
if rain is detected, edj^e delect ion Junction 44 determine* i J* the amount of rain is* above a 
lln-oshold value, while, il'log is delected, Hie Control 40* further analyzes the signal* to 

it\- def ermine 5 f tbe le veJ of io& is above a threshold va] lie* Aocoj dingly, cither wiper* 22, 
Mower 60 both arc activatco* by controi 4Q'\ if necessary. 

While sc\ r axdaltcjin«ocinbo<1jmcms have been depicted middemibed above, cJcarfy 
die. present invention may include other variation* where there are taie oi (wo ithumnsivin 
SOUiccx nod deleetorx., wilh ul Lcusl one rwlaririnc; lillcr -positioned alo% an optic i>xfh 

2b defined by one of the (Khi(nh)aEioJ) dclee(or<5 aod ojie ol tbe illumination source via wiiiiln w 
19, withoul alleclcng Ihc scope cdtlic prc&cnt iavmiCioix, Polarizing fiftei 62 nn>y he 
positioned between sn i I lumnmti on snmco and window 1 y nr between an illuiitioatioji 
(lutcetnr and window J and ma^ be uricnlcd kuuIi lhal i(» pass axiK 67 allows Uncai ly 
nnlari/^ed liujit to puia (hereltuoiigli in sucli u liisljio]) us lo uilow the loin $c»Bor syslwn Co 

:«n discern bct;\xcj) tinpoiariwi light being seancioci from jaiu drop.^ 40 on exteriur surlace. 24 of 
window 1 V and linirarly polari^crd h«ht being einiftcxi fr<iin a pariiele of 66 Oil interior SlU'fcuvn 
IK of window 19. Most rxreXenibly, in order In oplimixe the miij sensor system so as to t^cst 

•iy- 
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determine when fog is present on interior surface 28 of window 19, at least one set of 
illumination sources and sensors is preferably oriented such that the optical path to the 
corresponding sensor or source is at approximately a 90 degree angle between the source and 
sensor at the interior surface 28 of window 19. This orientation best allows the system to 
determine when small particles of fog are present, while not inadvertently concluding that fog 
is present when rain is actually present on exterior surface 24. 

The concepts of the present invention may be used in association with rain sensor 
interior mirror assemblies wherein a rain sensor functionality is provided in association with 
an interior rearview mirror assembly, Such association includes utilizing an element of the 
rearview mirror assembly (such as a plastic housing attached, for example, to the mirror 
channel mount that conventionally attaches the mirror assembly to a windshield button slug) 
to cover a windshield-contacting rain sensor. The rearview mirror assembly can include a 
display function (or multiple display functions). 

These displays may perform a single display function or multiple display functions 
such as providing indication of an additional vehicle function, such as a compass mirror 
display function, a temperature display functions, status of inflation of tires display function, 
a passenger air bag disable display function, an automatic rain sensor operation display 
function, telephone dial information display function, highway status information display 
function, blind spot indicator display function, or the like, such display may be an alpha- 
numerical display or a multi-pixel display, and may be fixed or scrolling. Such an automatic 
rain sensor operation display function may include a display function related to a both a 
windshield-contacting and a non- windshield-contacting rain sensor, including, for example, 
where the circuitry to control the rain sensor, electrochromic dimming of a variable 
reflectance electrochromic mirror, and any other mirror-mounted electronic feature are 
commonly housed in or on a rearview mirror assembly and wholly or partially share 
components on a common circuit board. The blind spot detection display or the automatic 
rain sensor operation display may alternate with other display functions by a display toggle 
which may be manually operated, time-shared, voice-actuated, or under the control of some 
other sensed function, such as a change in direction of the vehicle or the like, should a rain 
sensor control be associated with, incorporated in, or coupled to the interior rearview mirror 
assembly, the rain sensor circuitry, in addition to providing automatic or semi-automatic 
control over operation of the windshield wipers (on the front and/or rear windshield of the 
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vehicle), can control the defo^^er function fo rfefog condensed vapor on an inner cabin 
surface of <K vehicle fcluv.iriji ( K ud) ax Die m«idu RUTfaec of fae. front windshield, such as by 
ojjciatina n hluwet fku, beata- function, air cuncfitiurmijt lunelmn»ui Ihe like), or Che lain 
sensor control iau dose a eurirool" ur any othw mu vahle glazing diOuld rata condition* ha. 

s delected. As stated above, it iiuiy be advantageous tor the lain sensor conho* (or any other 
Jeature such as ft head - lamp conn oiler, a remote Jccylcss endy rcea'wa-, a cellular phone 
tacJuding ihMiiicniphone, a digital viriue recorder, u video camera for u video photic, a taxi 
mc4er find/nr tau meter display, a vehicle slafun mdiciUun and the. like] to siuuc component* 
and circuitry with the clccttochromic mirioi function control efrcutay »nd elerfiortiriHiitc 

1 1) nritAH assembly itself) Afso, a convenient ray to motuic a nr>ii-v/nidHhield-cL>ijlracli«^rALa 
scn&oi such us described herein i* by attachment, such as by map-Oil attachment* A3 « module 
to the nrirrnr cfmcind iiiouitf such as is described ui US patent 5,576478 entitled "Miirw- 
Support Dnickct/' jrjvcntccf by K. fiookctal. and issued November 1'), TWli, llic disdosm* 
tif which is hereby incorporated by reference ficrcm. The mhmr mount wnd/ur windshield 

1 5 button may optionally be spcdal ly adapted to noomnnindate a cuiii- windshield -momtf ing r«in 
icnsor module. Such mounting an a module is readily serviceable and attacbnblc fjo u wide 
variety of interior mirror assemblies (both ele^lroduwoic. and non-clcctiodirnniie such as 
priimiatic, manually adfu&tocl minor assemblies), and can JjcJp ensure nnprnpriate alignment 
ol' the tion-v?iiidsln'cfd-inon>Tttxi variety of mm aisiisortn the vehide windshield insofar that 



20- the modnlc attadicd to Hie 'minor ninlxril remains fixed" whereas Hie minor itsnff (winch 



typically utlueheK to the nicrrur channel mount via a wn^leOJ' double. ball jmni) is movable s*j 
Llnd (he driver can adjust sis Held of view. Also, should stnoJre from eipireftcK and the like be 
a potential source of interference to the. operation of the new -wmdsln cld-i:i>nttct rain 
sensor, thai » im'm»iwiu>ichcd housing; cjih he used fxi shroud Che rain feasor unit and shield il 

M fit mi smoke (and other debris}. Optionally, nucb uhility to detect presence- of citfRrcOe wrioke 
can he vifced to ejiibrce a noti-sjiiokLtiQ han In \^eltlcte^ such as in commonly mque»Lod by 
itJlfai.cai- fleet operators. A l<?o» when main sensor (contacting or non-ccmtaclin^) is used to 
*r*ivnfc th k wiper nn rho tcjit windcAv (rear l^dclightj of tho vehicle^ Ihe.scfifiOf can be 
eimveinenfly packaged and mnnntud wilh the C'HMST. (cenlcr hi^i mounted Sto]) %Jrt) *Uip 

i<> li jjhC asfternhly cof Jitnonl y inontited On die rcur wnndi ^w ^kfife of clone to it. Mounting of ll ic 
laiji sensor with the CUMSL stoplight can bs a«stlietical)y appealing and ellow KhaririK o\' 
oomjionents/vvcrmg/cncnm y. 
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The concepts of this present invention can be used with interior rearview mirrors 
equipped with a variety of features such as a high/low (or daylight running beam/low) 
headlamp controller, a hands-free phone attachment, a video camera for internal cabin 
surveillance and/or video telephone function, seat occupancy detection, map reading lights, 

5 compass/temperature display, taxi meter display, fuel level and other vehicle status display, a 
trip computer, an intrusion detector and the like. Again, such features can share components 
and circuitry with the electrochromic mirror circuitry and assembly so that provision of these 
extra features is economical. 

Placement of a video camera either at, within, or on the interior rearview mirror 

10 assembly (including within or on a module attached to a mirror structure such as the mount 
that attaches to the windshield button) has numerous advantages. For example, the mirror is 
centrally and high mounted and the camera can be unobtrusively mounted. 

Therefore, a rain sensor is disclosed herein that provides an accurate method of 
detecting rain on a vehicle window by actually capturing an image of an area on the window 

15 and further determining when the amount of precipitation present on the window reaches a 
predetermined threshold value before activating the wiper system of the vehicle. The rain 
sensor may further detect both fog and rain on the window, and is able to discriminate 
therebetween. The rain sensor of the present invention is also decoupled from the window to 
avoid replacement concerns and the like that are present with many of the rain sensors in use 

20 today. Furthermore, the rain sensor of the present invention provides optimal performance by 
detecting both fog and rain on the window, while providing a system that may implement 
standard, low cost single element photo-sensors and photodiodes or the like. 

Changes and modifications in his specifically described embodiments can be carried 
out without departing from the principles of the invention, which is intended to be limited 

25 only by the scope of the appended claims, as interpreted according to the principles of patent 
law. 
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The embodiments of the invention in which an exclusive property right or privilege is 
claimed are defined as followed: 

1 . A vehicular rain sensor which senses at least one of rain and fog on a vehicle window, 
said vehicular sensor comprising: 

an imaging array sensor directed at the vehicle window from inside the vehicle; and 
a control which responds to an output of said imaging array sensor in order to indicate 
precipitation on a surface of the window. 

2. The vehicular sensor in claim 1 , wherein said surface of the window is an exterior 
surface exposed to weather conditions and the precipitation indicated is rain. 

3 . . The vehicular sensor in claim 1 , wherein said surface of the window is an interior 
cabin surface and the precipitation indicated is fog. 

4. The vehicular sensor in claim 1 , wherein said control comprising a computer 
programmed with an edge detection algorithm. 

5. The vehicular sensor in claim 4, wherein said edge detection algorithm detects edges 
of particles of precipitation on the window, said control responding when a threshold amount 
of said particles is detected by said edge detection algorithm. 

6. The vehicular sensor in claim 5, wherein said edge detection algorithm analyzes a 
quantity of edges present on the window. 

7. s The vehicular sensor in claim 6, wherein said edge detection algorithm further 
analyzes a size of the edges present on the window. 

8. The vehicular sensor in claim 5, wherein the vehicle has a windshield wiper, said 
control controlling said windshield wiper when said threshold amount is detected. 
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9. The vehicular sensor in claim 8, wherein the control varies a rate at which the 
windshield wiper is wiped according to a level of edges detected by said edge detection 
algorithm. 

1 0. The vehicular sensor in claim 1 further including a polarizing filter between the 
window and said imaging array sensor. 

1 1 . The vehicular sensor in claim 1 including an optic between said imaging array sensor 
and the window, said optic establishing a small depth of field, thereby focusing on an area at 
or immediately adjacent to the vehicle window. 

12. The vehicular sensor in claim 1 1 , wherein said imaging array sensor and said optic are 
oriented relative the window according to the Scheimpflug condition. 

13. The vehicular sensor in claim 1 including an illumination device for illuminating the 
window. 

14. The vehicular sensor in claim 13, wherein said illumination device provides 
illumination having an illumination wavelength approximately that of an infrared 
wavelength. 

1 5 . The vehicular sensor in claim 1 3, wherein said illumination device provides 
illumination having an illumination wavelength approximately within a range between 820 
and 880 nanometers. 

1 6. The vehicular sensor in claim 1 3 further including an illumination device control for 
at least occasionally activating said illumination device. 

17. The vehicular sensor in claim 16, wherein said illumination device is pulsed on and 
off by said illumination device control. 
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1 8 . The vehicular sensor in claim 1 7, wherein during low light conditions, said 
illumination sensor is exposed to the vehicle window when said illumination device is pulsed 
on and not exposed to the window when said illumination device is pulsed off. 

1 9. The vehicular sensor in claim 1 6, wherein said illumination device control operates 
said illumination device during low light conditions. 

20. The vehicular sensor in claim 19, wherein said illumination device control senses 
ambient light and operates said illumination device in low ambient light conditions. 

21 . The vehicular sensor in claim 1 9, wherein said imaging array sensor includes an array 
of imaging pixels, said illumination device control determines a level of ambient light by 
monitoring light received by said pixels on said imaging array, said illumination device 
control switching to said active mode when light received by said pixels is below a 
predetermined threshold value. 

22. The vehicular sensor in claim 20, wherein said control comprising a computer 
programmed with an edge detection algorithm, said control responding to control a 
windshield wiper on the vehicle when a threshold level of particles of precipitation on the 
window is detected. 

23. The vehicular sensor in claim 22, wherein said threshold level varies according to a 
level of ambient light present on the window. 

24. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 250 lux. 

25. The vehicular sensor in claim 20, wherein said illumination device control operates 
said illumination device when the ambient light conditions are below approximately 1 50 lux. 

26. The vehicular sensor in claim 20, wherein said illumination device control operates 
sSd'illuffiniffionll^K ambient light conditions are below approximately 1 00 lux. 
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27. r iiic vctucufar sciisnr in claim iO, whciichi said iUwflwatio]) device coiifml operates 
said illumination device in respuijue Ui when a vehicle's headlamps aie activated. 

28. The. vehicular sensor hi claim 13 mchidiJifc a poUrizii>B filter alone, an optro p»th 
betwwll SRid jftomhintimi device artrf said tanging an*y sensor. 

29. The vehicular sensor if I claim 23^ wliexeici said pylarizirlfc filter is OffCJltcd to filter i>uL 
light signals radiating from fog particles on art interior surface of the window. 

3fl. The wJu'cnJar sensor in elnim J ♦ wherein said imaging cmsy acmor is n CMOR serifior. 

31. I he vehicular HCiiiwr in elninj J , wherein the window is a vehicles Windshield and the 
vchi ele includes a wjirishicld wiper at"uS a tcaj window wipu, whcrcitl sai<f coart^r >l cbuhot die 
rear window wiprr To cycle for cvci? N cycles of the windshield wiper,, wherein N is greater 
ihan one, 

?*?.. The vdiiuulur Kerisor 3Ji claim 31, wherein the value of N varies w u functiun «f ihc. 
spa:d uf'lhe wirio\5tuelcl wiper, 

Thii vehicular mutuot in claim 1 , wheteirt said lonlmi ttm)pfisdn£ a micm-scjmpulet 
having nnc titan ernhedded otmtittl application , a custom digjtal iogjc circuit and a digital 
signal jjnrices^f CilCAlft. 

34. Tlie veniculaL ssusor in claim 33, whcicin said control is nflupuible to be positioned 
5tibtfaittialfyadjflrart.a lr-rr view mirror hnuKiiig. 
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35. A vehicular rain sensor which senses at least one of rain and fog on a vehicle window, 
comprising: 

at least one illumination source and at least one illumination sensor defining at least 
one optical path from said at least one illumination source to the window and from the 
5 window to said at least one illumination sensor; 

a polarizing filter at least occasionally in said at least one optical path in a manner that 
polarized light from the window is more attenuated than is nonpolarized light from the 
window; and 

a control which responds to an electrical characteristic of said at least one illumination 
1 0 sensor in order to indicate precipitation on an exterior surface of the window independent of 
moisture on an interior surface of the window. 

36. The rain sensor in claim 35, wherein said polarizing filter is at least occasionally not 
in said at least one optical path and wherein said control responds to an electrical 
characteristic of said at least one illumination sensor in order to indicate moisture on an 
interior surface of the window by comparing a signal from said at least one illumination 
sensor when said polarizing filter is not in said at least one optical path to a signal from said 

~ at least one illumination sensor when said polarizing filter is in said at least one optical path. 

37. The rain sensor in claim 35, wherein said polarizing filter is at least occasionally in 
said at least one optical path between said at least one illumination source and the window. 

38. The rain sensor in claim 35, wherein said polarizing filter is occasionally in said at 
least one optical path between the window and said at least one illumination sensor. 

39. The rain sensor in claim 35, wherein said at least one illumination source and said at 
least one illumination sensor are oriented at a range of approximately 80 to 100 degrees with 
respect to each other along said at least one optical path. 

40. The rain sensor in claim 35, wherein said at least one illumination source and said at 
least one illumination sensor are oriented at approximately 90 degrees with respect to each 

otheralong"said~atTeasf one opticaTpatK 
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4 1 . Th* caici luisor ill claim 3 5 , wherein said at least one i I funihiaticm sensor i* an 
intenjaUciQ. sensor. 

42, The <jun sensor in cluLm 3 5 > v/lieran said 2i( least une iUuinifialioti sensor is an 
hua&Lng array sensor. 

4;*, The rain sensor in claim 42 s wherein said control is n computer which i$ progjajnjuorl 
Willi eiu edg£ detection aj£cuithm to defect edges of p&iiipitniinn purlides. 

44. The rain .sensar in claim 42, wherein *=uJ at kail Otie illuminortnn mmr i* a CMOS 

45, 11)C r^iii 5?cn<*fn* in claim 35, wlierein Lhc vehicle indudofc a willdsJl iofrf wipei iind a 
rear window wiper, whereia said ooirtroi cause* tlic rear window wipur Ui cyele fof every N 
cycle* of (lie. windshield wipcj, wherein N Is greater than 1 . 

4ti . Tltfc rain sensor to ofahn 4.">, wlvaei n the val ue n f* K 1 varies nf> a function of the ftpzed 
of flic. windsh5c.M wirirr. 

47. The rain seizor in claim 35 including an illumination csntifml whidi measures a icvci 
of ambient linhl that i* profit on the window a^cf switches staid rain Kt»ftor from an active 
mode* where said ilhUDJ nation simnvcHa mi mutpmvlclea h'^hLto (he window* to a passives 
mode, where said ilbmliixrlnn Muiraeboflrmid ainWcnrlighljm^dfiS Uhuriuattan U) «wd 
S Ulnmrmition Hcaismr, «iiul illurijiiiution cwilnfil Tieiiift in said passive modp when said ainhient 
light level w srwtfer ihmi a predecejmined threshold value. 

4*. The rain sciift«r hi clutr/i 15, wherein suid polarizing frltei is fixed aion& «nid optical 
noll^Huid pfhlori/hi^ filter briflR nrrentedlo filter out a plurality of Uixunhujlmn «i^nal)> 
radiutinj* From fb& ruulccles on an interior surface of the. window. 
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49. A vehicular sensor for detecting rain or fog on a vehicle window comprising: 
at least one illumination source; 

at least one illumination sensor; 

said at least one illumination source and said illumination sensor defining at least one 
5 optic path therebetween, said at least one optic path defined between said at least one 
illumination source and the vehicle window, and further between the vehicle window and 
said at least one illumination sensor; 

a polarizing filter positioned along said at least one optic path; and 
a control, wherein said control responds to an output of said at least one illumination 
10 sensor in order to indicate at least one of precipitation on an exterior surface of the window 
and fog on an interior surface of the window. 

50. The vehicular sensor of claim 49, wherein said at least one illumination sensor is an 
imaging array sensor. 

5 1 . The vehicular sensor of claim 50, wherein said control comprising a computer 
programmed with an edge detection algorithm. 

52. The vehicular sensor of claim 49, wherein said control functions to control a 
windshield wiper control if said at least one illumination sensor detects a precipitation level 
on said exterior surface of the window. 

53. The vehicular sensor of claim 49, wherein said control functions to control a blower 
control if said at least one illumination sensor senses a fog level on said interior surface of the 
window. 

54. The vehicular sensor of claim 53, wherein said control further functions to control a 
windshield wiper control if said at least one illumination sensor detects a precipitation level 
on said exterior surface of the window. 

55. The vehicular sensor of claim 49, wherein said at least one illumination sensor is a 
single element-integrating sensor. 
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56. The vehicular sensor of claim 49, further including an illumination control whereby 
said illumination control determines a level of ambient light in the vicinity of the vehicle and 
deactivates said at least one illumination source when said level of ambient light is above a 
predetermined threshold value. 

57. The vehicular sensor of claim 49, wherein said at least one illumination source 
comprises at least two illumination sources, said polarizing filter being positioned between 
one of said illumination sources and the vehicle window defining a polarized beam having a 
polarized optic path between said one of said illumination sources and said at least one 
illumination sensor, other of said illumination sources defining a non-polarized beam having 
a non-polarized optic path between said other of said illumination sources and said at least 
one illumination sensor. 

58. The vehicular sensor of claim 57, wherein said one of said illumination sources and 
said one of said at least one illumination sensor being oriented within a range of 
approximately 80 to 100 degrees relative one another along said polarized optic path. 

59. The vehicular sensor of claim 57, wherein said one of said illumination sources and 
said one of said at least one illumination sensor being oriented at approximately 90 degrees 
relative one another along said polarized optic path. 

60. The vehicular sensor of claim 57, wherein said control compares a signal received 
from said one of said illumination sources to a signal received from said other of said 
illumination sources to determine if at least one of fog and rain is present on the window. 

6 1 . The vehicular sensor of claim 60, wherein said control activates a blower in the 
vehicle if fog is detected and activates a windshield wiper on a windshield of the vehicle if 
rain is detected. 

62. The vehicular sensor of claim 49, wherein said at least one illumination sensor 
comprises at least two illumination sensors. 
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f>3, Ihcvchiculnr sensnr of claim to, wherem said polariring filter is f»n(idiwd between 
one of suM illumination sensor* and (fa* vriricte window, *aid one «fsaid sensors anxf Jtfid m 
Jcase o»il niumiimlioti boutcc ddBnin* n pularl^d up tic parti and the otto of said iflummaliiHi 
awwtoTS and nald at least one. illumination source defining a fW))-pol*ri*cd optiopnfh. 

64. The vehicular savior oPduim Itt, whciL-in said oni\ ofaaid ilhiruinalKUl sensors and 
said at Joist one il I umiiuCion source arc cirien bd vvi thin a nuty* oT approxin Wtdy W> tn T 00 
degrees relative on* iiin>Lhur aluiij* said polarized Optic palh. 

65. The vehicular sensor of d rim (>\ whrariu sxid fine of «tiid illumination sensors and 
said at lenst nno illumination source, nru oriented ispTtriwnnalely W degrees relative 0D0 
anollwn aluiijt said polarized opUc pntb. 

66. The wJriciilar jemm- nf cluhn ftf , whcixsin raid eonlrol compos a signal received by 
said one of said ilfumtadon km** fo » ripinl received by saidolhei oi'caid lJiiuiiiiudon 
sensors to cktnimno if allBusLoworftiftundTain is preseoJ on the window. 

<V7. The vehicular seiisar of claim <X>« wherein £<kl at tart two illumination sensors arc 
imaging array sensor*, antf snid eonfrol h* progiromncd Willi au edj;e detection algorithm fo 
detect prccipitxtinn policies. 

6R. The. vehicular searaor of claim 66, wherein said control control* m windshield wiper cut 
the vehicle to response to detection of precipitation ixuticli* on flic window. 

ftt . The vehicular hoi Bor < i f claim 6nV wher d n sai d contrui controls a bJo wcr in the 
vehicle in i espouse U» detection oi'ibg oo an interior sairlacc erf the- window. 

70. inc wJiidilaj mm of eWm vvlici^n mM ctmlrol uunlroki u windshield wiper on 
the vcliklo in rwsponst (O def cod mi nl>ecipiUfimi particles on Ihe wiudo w, 



•:u. 
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71 . The vehicular kukot uf clrim til^ whorcm ssjud polarizing, filter is positioned between 
said al teiwil mie Humiliation source, and the vehicle window, 

72. The vclnV.iil»r nc:nanr of d*i m, 71 , whcfcln crfie afraid ilfucijiuaCkm yensiori and said at 
feast our. illumination si >ijico dcfuic * fir*r oj>tre path and flic, other of said nimiiiiiatJOn 
RGnsnre and raid at lsu»t one illiiminuliim smircx: define a second optic jwth. 

73. The vehicular scjisor of claim 72> wherein suid one of said jlluiuinatimi Jienatira and 
s>-acd al least one illumination source arc OJJCJile<l wirtrin a ran^e o J' approximately 80 to 1CKJ 
dc&rocs relative td one Kimriw* afnng $ai(f first optic path, said potoriang, fiUcx oriciitx*! with n 
pass oxw BiihNHmliiitly perpendicular fxi » segment r>f said firs* optic. path that is htf.wriori the 

S vehicle winch i w and Kbid line of xaid illuiiiiiiatfmi snvuvs. 

74. The vdiiwilav Kcnsmr of daim 77> wherein said one of said illumination sensors and 
<micl atleatflnrjetflaininalftui wiuivear&urienlLHlaiinTnxinuiitly Ofl degrees rolnlivc Co one 
unoLhcrul<inj» mid fet optic path, f«afd poluri/ing, lilUir ryrii^ifccl with u pus* qxik substantially 
tierpettdicvdar to a segment of said first optic path that »< helweeii (he vehicle window and 
said one of said UJuminatlon saisors. 

1 5, . 1 "lie vehicular s wi nun- o I' claim 73 , wherd n «t»i cf other nf said i 1 1 1 mif iutf ion hcuxi hx und 
said al leu^t une illumination source are oriented upproxi mutely Of) degrees relative fci one 
aiio-ther alon& said second optic path, rraid prtlurt/.iii^ filter im«nL<ril with sard pass axis 
substantially parallel to a segment of said second optic path that Is hstweeji the vehicle 
window and said oduw of said illumination sensors. 

76. The vehicular Henxtir oJcluim 75, wheicin wrid other nfsRid illuminxliim xensorft and 
said one of said il J animation sensor aie putdCRined such lhaf «aid ftr&l optic palh between said 
one oJ ! raid ilfimmwtion waosois cuirt the vehicle wind<rw and sard second optic path between 
«aid other oJ'aaid illunihmlimi xemior* and the vehicle: window arc generally perpendicular. 
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77. The vehicular scnanr of cfahn 76, wherein Rmd control compares a signal received by 
raid one of *dd illumination seiuun* Co a signal received hy wild oiliei of .said illunucuifkin 
sowvms to deleirnine if lltcrc is rain ur fou prwaail on tlse vehicle, window. 

73. The vehicular sensor of claim 77, wbcivin said control ccuttrrtls- n wiwMridd wipsr on 
(lie. vchic-lr, in icflprmns. to ctaccdim erf precipitation j*n rides iwcswnl on the window. 

79. The vehicular sensor of claim 78, wherein said one of said ilturofrurficm nemma and 
miid other of said Uhimtnatfcui sensors enc fonagjng array anna** and swirl omilroJ i« 
pro^nuncd vrith «n cd^c ricsrecrinn ulgprrthni. 

80. Hi« vehicular mmit nf cluim 78, wherein Raid antral CMlrols A Mower ill tlic 
vehicle in response lo detection of foe pjesent on an interior surface of tho wfrukiw. 

8 ) . The vcbioufoi sraisor of claim 8f>> v/hwxrfn swirl control dmiItoIh i> windshield wiper on 
the vctoc-le. in rcwpmwetn clclcution rrf precipitation particle present on the window. 

&2. A vehicular sea&or lor defecting raij) or fog on a vehicle window, «uid vehicular 
nerisor cornpri3in£: 

-rrrnsr illimrinKlion source; 
/i second Uluminalimi ivnurue; 
5 jm illumination KcriKor, Kuid iirnt illurnirralton smuce. and said MumfoaCkni swmar 

dcSinirift a first optic path between said to illumination Bounsomid diu vehicle witidow and 
between the vehicle window and raid illumination sensor; 

said second iUumitiatimi suurec and said illumination sensor dc(iuitt& a second optic 
paih between arid fii*f illuniiimliim xiMjrceanu Ihc vehicle window and between the vehicle 
1 n wi i all >w und mid ill urn i usaum Keiitftd ; 

a polariziop, ti Itw positioned along one of raid Inst and second optic palh«; and 
a control, whercin said control responds To an ontym of «iid fll urn i nation mhmh in 
odci to indicate a* kwftono of prwipitRtion on tn exterior Kitrfuce or the window and log on 
an inferior Kurface of Lhe window. 
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8.V The vehicular sensor of cljum 82, whciun said polarizing filter is- positioned along 
sakl fust 0|?t4C pnth between said first iJfuLUUlHtfon SOWCC and tJ)C window, wild polarizing 
fitter inducting a puss isxis Hint is oriented general ty parallel a pnrkirai of said Insl i>f>tCC- path 
between said illumuialioii setisoi and tiie vehicle, window. 

84. The Yd) ion I sciw nf cl nta wlia^'m said lirst ItUmUuitkin iounk imrf said 
illlimill&tion sciiHur are oriented williin atao^cofajipnximatuly RO (o 300 decrees itlrtivc 
one another til inn; suiil finrt untie, path. 

85. The. vehicular swisor of cfaim 8?, wherein said first iUnminsT.ion source and .said 
iUummatirxi acn«f*r *ne oriented approximately 0(1 degree* relative one umrther alongsaid 
tot optic path 

fio*. Tlie veJuculat sense* of claim 82* wherein said control impend* to «n output i>rraud 
illumination sensor and dctrawnnc* wfirtfccr pmcipitntion h present on an exterior surface of 
the window orif fog is present on nit interior .siirf^ nf the: window. 

#7. Thu x'ehiealur msiBor i>C'daictb 8^ wherein said omttrol activate a whuWridd wiper 
on flic vehicle when pnecipitatlon is detected on tlie window, and activates « hlmvet in the 
vehicle when fog, is totrf on the: window. 

XK. The vehicuhir hbinh- of eiuim 87, wherein Che vehicle includes a windshield wiper and 
jjuear window wipej, sud control activates tlie windshield wipe* and the rev window wiper 
when precipitation is detected, «d<i comiol caudii£thc.rcat window wipsr Ln cycle; ibi cvciy 
N cycta of the windshield wipcr 7 whciehi "N is greyer dun 1 , 

89. The vehieulus Heiittn ordmnj M> wherein Hie vuhis uf N varies as a function of the 
speed of tlie windshield wiper. 
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90. A vehicular sensor for detecting rain or fog on a vehicle window, said vehicular 
sensor comprising: 

an illumination source; 
a first illumination sensor; 
5 a second illumination sensor, said illumination source and said first illumination 

sensor defining a first optic path between said illumination source and the vehicle window 
and between the vehicle window and said first illumination sensor, said illumination source 
and said second illumination sensor defining a second optic path between said illumination 
source and the vehicle window and between the vehicle window and said second illumination 
10 sensor; 

a polarizing filter positioned along one of said first and second optic paths; and 
a control, wherein said control responds to an output of said illumination sensor in 

order to indicate at least one of precipitation on an exterior surface of the window and fog on 

an interior surface of the window. 

91 . The vehicular sensor of claim 90, wherein said polarizing filter is positioned along 
said first optic path between said first illumination sensor and the window, said polarizing 
filter including a pass axis that is oriented parallel a portion of said first optic path between 
said illumination source and the vehicle window. 

92. The vehicular sensor of claim 91 , wherein said illumination source and said first 
illumination sensor are oriented within a range of approximately 80 to 100 degrees relative 
one another along said first optic path. 

93. The vehicular sensor of claim 91 , wherein said illumination source and said first 
illumination sensor are oriented approximately 90 degrees relative one another along said 
first optic path. 

94. The vehicular sensor of claim 90, wherein said control responds to an output of said 
first illumination sensor and an output of said second illumination sensor and indicates at 
least one of precipitation on an exterior surface of the window and fog on an interior surface 

ofthe-window: 
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95. The vehicular sensor of claim 94, wherein said control activates a windshield wiper 
on the vehicle when precipitation is detected, and activates a blower in the vehicle when fog 
is detected. 

96. The vehicular sensor of claim 95, wherein the vehicle includes a windshield wiper and 
a rear window wiper, said control activating the windshield wiper and the rear window wiper 
when precipitation is detected, said control causing the rear window wiper to cycle for every 
N cycles of the windshield wiper, wherein N is greater than 1. 

97. The vehicular sensor of claim 96, wherein the value of N varies as a function of the 
speed of the windshield wiper. 
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